Superconductivity at high temperatures often develops in proximity to symmetry-breaking states. The nematic state, in which the electron system breaks a discrete rotational symmetry of the crystal lattice without altering the existing translational symmetry, has emerged as a key concept in iron-based superconductors and may be intimately related to the pairing mechanism of superconductivity itself [1] . Nematicity was originally invoked in order to account for the anisotropy in the dc transport properties of the archetypal Co-underdoped 122 materials Ba(Fe 1−x Co x ) 2 As 2 below the structural tetragonal-to-orthorhombic phase transition at T s [2, 3] , which is larger than expected from the tiny orthorhombic lattice distortion alone.
Recently, we studied the optical reflectivity [4, 5] as a function of temperature (T ) across the structural phase transition for underdoped compositions of Ba(Fe 1−x Co x ) 2 As 2 , with uniaxial and in situ tunable applied stress which acts as a conjugate field to the orthorhombic distortion and circumvents sample twinning below T s [6] . Above T s , this stress induces a finite value of the orthorhombic distortion [2] . At temperatures T < T s , the optical anisotropy exhibits a remarkable hysteretic response to the applied stress even at energies deep into the electronic structure. The anisotropy turns into a reversible linear stress dependence at T T s . Our results indicate an important polarization of the electronic structure in the nematic phase below T s and a significant stress-induced one above T s , related to the substantial nematic susceptibility [7] .
In Ba(Fe 1−x Co x ) 2 As 2 , as in most Fe arsenide and chalcogenide superconductors, the structural phase transition either accompanies or precedes the onset of long-range magnetic order, and therefore the nematic and magnetic states are likely intertwined with each other. Consequently, the effects of the Fermi-surface folding and thus of its reconstruction because of the antiferromagnetic order make it difficult to unambiguously address the intrinsic properties * Author to whom correspondence and requests for materials should be addressed: degiorgi@solid.phys.ethz.ch of the nematic state over a large temperature range. In this context, FeSe is very well suited in order to shed light on nematicity, since it harbors a tetragonal-to-orthorhombic structural phase transition at T s 90 K, where the lattice breaks the C 4 rotational symmetry, in the absence of any subsequent, ambient pressure long-range magnetic order. FeSe is then superconducting below T c = 8 K [8, 9] .
Here, we describe results of reflectivity [R(ω)] measurements on FeSe that probe the optical response to variable uniaxial stress at temperatures below and above T s , in the energy interval from the infrared up to the visible spectral range. Our measurements at T < T s reveal a strong polarization dependence of the reflectivity spectra with respect to the orthorhombic axes, and clearly demonstrate that the electronic anisotropy associated with the orthorhombicity extends far from the Fermi energy and also persists in the superconducting state. While the observed hysteretic behavior of the stress-dependent optical anisotropy in FeSe at T T s shares some qualitative similarities with our earlier findings in the electron-doped 122 materials, it yet displays an even more complex behavior than in Ba(Fe 1−x Co x ) 2 As 2 [4, 5] , with two sign changes on increasing frequency [i.e., the polarization dependence of R(ω) is opposite in distinct energy intervals]. Moreover, we discover that the stress-induced orthorhombic distortion above T s may couple differently to the complex orbital order occurring in FeSe than in Ba(Fe 1−x Co x ) 2 As 2 . This reveals important peculiarities of the two classes of materials in the response of their electronic structure to nematicity. Our results favor models for the nematic phase, which have to go beyond a simple ferro-orbital order scenario, as recently envisaged by angle-resolved photoemission spectroscopy (ARPES) data [10] [11] [12] [13] .
Large single crystals of FeSe were grown using chemical vapor transport, similarly to the description in Ref. [14] . The samples were mounted into our homemade device for applying stress and placed inside a Janis cryostat coupled to a Bruker Vertex 80v, Fourier-transform infrared interferometer. The device, described in detail in Refs. [4, 5] , consists of a spring bellows, which can be extended/retracted by flushing He gas into its volume or evacuating it, thus exerting and releasing uniaxial stress on the lateral side of the specimen. The specimens of 0.3 mm thickness and approximate in-plane dimensions of 2 × 1.2 mm 2 were cut and oriented such that the uniaxial stress (p), detwinning the samples, is applied parallel to the short orthorhombic axis, which at T < T s is preferentially aligned along the direction of a compressive stress (lower left panel of Fig. 1 ). As in Refs. [4, 5] , we refer here to the He-gas pressure inside the volume of the bellows (p bellows ): The effective stress felt by the sample (p sample ) depends on its size and thickness, so that p bellows = 0.1 bar corresponds to an effective uniaxial stress of about p sample ∼ 1.5 MPa on our FeSe crystals. It has been widely established that an effective stress of at least 10 MPa is enough to fully detwin the specimen and thus reveal the underlying symmetry breaking [2] . R(ω) as a function of T and in situ tunable p was measured at nearly normal incidence [15] with the electromagnetic radiation polarized along the orthorhombic elongated a [R a (ω)] and short b [R b (ω)] axes in a broad spectral range from the far infrared up to the ultraviolet. Our results were obtained from zero-pressure-cooled (ZPC) "pressure-loop" (at fixed T ) and pressure-cooled (PC) "fixedpressure" (as a function of T ) experiments [4, 5] . Further details about this experiment can be found in the Supplemental Material (SM) [16] .
Representative R(ω) data of FeSe in the infrared and midinfrared (MIR) spectral range (i.e., for 500 ω < 6000 cm −1 ) are shown in the main panel of Fig. 1(a) at 10 K and with p bellows = 1.2 bars following an initial ZPC protocol. Even though we mainly focus our attention in the MIR interval, it is worth emphasizing the overall metallic optical response of FeSe, shown in the inset of Fig. 1(a) . The anisotropy of R(ω) between the two polarization directions is clearly visible in the raw data. A first general observation is that the optical polarization dependence vanishes at photon frequencies above 6000 cm −1 (0.74 eV), which is true for all temperatures. At T < T s , we identify two distinct spectral ranges centered around 1000 and 3000 cm −1 (0.12 and 0.37 eV, respectively), where the optical anisotropy peaks upon increasing stress, yet with opposite sign [i.e., R a (ω) > R b (ω) and R a (ω) < R b (ω) around 1000 and 3000 cm −1 , respectively]. Furthermore, even though not shown explicitly, R a (ω) < R b (ω) at T < T s when entering the far-infrared spectral range toward the dc limit [i.e., ω < 500 cm −1 (62 meV)], thus reversing again the sign of the optical anisotropy.
In order to emphasize the evolution of the optical anisotropy as a function of p and T , we calculate the quantity R ratio (ω) = [R a (ω)/R b (ω)] − 1, representing the deviation from isotropic behavior, so that R ratio (ω) > 0 and R ratio (ω) < 0 at 1000 and 3000 cm −1 , respectively. Figures 1(b)-1(g) show the p dependence of R ratio (ω) at 10, 60, and 100 K obtained from ZPC p-loop experiments. At 10 K (i.e., T T s ), | R ratio (ω)| in both ranges of interest (i.e., above/below 1500 cm −1 ) is progressively enhanced and tends to saturate when p is increased. At this temperature, the anisotropy is almost completely retained when stress is subsequently released back to 0. At T T s , there is a weak polarization dependence of R(ω) even at zero applied p [ Fig. 1(b) ], likely due to some degree of detwinning because of the differential thermal contraction between the sample and the p device itself [16] . At higher temperatures the overall enhancement of | R ratio (ω)| upon applying p is smaller than that at 10 K in both ranges, and drops to a smaller value when p is released. At 100 K (i.e., T > T s ), the p dependence of | R ratio (ω)| is vanishingly small and the anisotropy is quite completely suppressed around 3000 cm −1 upon sweeping p, within our experimental error. Nonetheless, close and just above T s , R ratio (ω) tends to get slightly negative at frequencies around 1000 cm −1 , which implies R b (ω) > R a (ω) [Figs. 1(f) and 1(g)] already at infrared frequencies. This weak optical anisotropy persists even upon applying p and extends to the infrared range.
We first focus our attention on the p dependence of R ratio at 1000 and 3000 cm −1 (dashed vertical lines in Fig. 1 ) for the ZPC p-loop measurements, shown in Fig. 2 for several representative temperatures [17] . For temperatures T < T s we encounter a clear half hysteresis with opposite sign in the p dependence of R ratio , which is likely due to twin boundary motion. The virgin curve shows a quite rapid enhancement in | R ratio | at low T , before the optical anisotropy starts to saturate for larger p [Figs. 2(a) and 2(b), and Figs. 2(f) and 2(g)]. Therefore, we establish that a relatively modest uniaxial stress of p sample ∼ 6 MPa is able to detwin the sample in the orthorhombic phase. The saturation of R ratio at T T s presumably reflects complete detwinning of the sample, and any subsequent p dependence arises from the intrinsic response to p of the orthorhombic structure. 2(e) and 2(j)] the material is tetragonal and no half hysteresis is observed so that the optical anisotropy totally vanishes at 3000 cm −1 and is weakly negative at 1000 cm −1 . By releasing p back to 0, the remanent optical anisotropy, due to the imbalance of the two twin orientations that remain frozen in place, can be probed [4] . At 10 K, the material barely shows changes in the optical anisotropy when p is released, indicating that the sample remains in a near-single domain state. In this case, R ratio at released p = 0 directly yields the intrinsic optical anisotropy of a fully detwinned but stress-free material. For increasing T , the anisotropy at released p = 0 gets suppressed, as expected due to the thermally assisted domain-wall motion [4] .
Before going any further, we mention the results of the PC measurements (for details and data, see Ref. [16] ). Cooling the specimen across T s at fixed, effectively felt stress of about 15 MPa leads to R ratio (T ) that closely coincides with the anisotropy at saturation in the half-hysteresis p loops. Therefore, the same optical anisotropy is obtained whether p sample is increased above 10 MPa following a ZPC p-loop experiment or the sample is cooled through T s at such a constant p. Figure 3 summarizes the T dependence of R ratio for FeSe at 1000 and 3000 cm −1 read at fixed p bellows = 1.2 bars [i.e., at saturation (sat), R sat ratio ] from the p-loop experiment within the ZPC procedure (Fig. 2) , normalized by this quantity at 5 K. R sat ratio at both energy scales undergoes a quite sharp onset at T s and tends to flatten out below T s /2. We reiterate that at 1000 cm −1 , R sat ratio < 0 slightly above T s , anticipating an incipient optical anisotropy at infrared frequencies, consistent in the ω → 0 limit with the measured dc one for detwinned samples [19] . As shown in Fig. 3 and elaborated in Ref. [16] , R sat ratio remains constant at T < T c , which is compatible with our previous results on Co-doped 122 materials [5] . Even though the impact of superconductivity on the excitation spectrum generally occurs at much lower-energy scales, the high-energy optical anisotropy, addressed here at T < T c , indicates that the superconducting state develops within a polarized electronic structure. Similarly, the orthorhombic [18] . R sat ratio is normalized by its value at T 0 = 5 K. The same quantity at 1500 cm −1 for BaFe 2 As 2 [4] , normalized at T 0 = 10 K, is shown with a dashed-double dotted line as a guide to the eyes. R sat ratio is compared to the T dependence of the mean-field (MF) order parameter. The stress-induced orthorhombicity (δ) at typical stress for fully detwinned specimens (i.e., at saturation) is reproduced from Ref. [36] for BaFe 2 As 2 and estimated for FeSe [37] , respectively. The T axis has been normalized by T s ∼ 90 and 135 K for FeSe and BaFe 2 As 2 , respectively (vertical dotted line).
lattice distortion is barely affected by superconductivity in FeSe [19] .
Our reflectivity data on FeSe point out the complex evolution of the electronic anisotropy across the structural/nematic phase transition and highlight the important role of the orbital degrees of freedom [11, [20] [21] [22] [23] [24] , affecting the band structure far from the Fermi energy [25] . The optical anisotropy indeed occurs within the frequency interval 0-6000 cm −1 (Fig. 1) , which is fairly consistent with the extent from the Fermi level of the correlated (squeezed) 3d iron bands [11, 26, 27] . However, the detailed nature of the nematic state in FeSe is still debated. A so-called on-site ferro-orbital ordering, even though in agreement with conclusions drawn from NMR investigations [28, 29] , needs to be reconsidered within momentum-dependent scenarios. In fact, ARPES results [10] [11] [12] [13] 27, [30] [31] [32] [33] [34] indicate that the electronic band structure in FeSe undergoes a rather intricate momentum-dependent behavior, possibly consistent with either the bond-type ordering of the iron d xy , d xz , and d yz orbitals when crossing T s [12, 13, 35] , the nontrivial energy splitting between the and M point of the Brillouin zone [10] , leading to a band shift reversion, or finally the orbital-dependent Fermi-surface shrinking [11] . These scenarios are likely reflected in the optical anisotropy in FeSe and could account for its extension in energy and the change of sign in R ratio , as observed between 1000 and 3000 cm −1 (Fig. 1) . Moreover, the energy splitting among the d orbitals as evinced from ARPES data [10] follows a mean-field-like T dependence, in agreement with the T dependence of R sat ratio at both energy scales (Fig. 3) . This latter observation underscores the key role of the anisotropic electronic structure with respect to the nematic phase transition.
The hysteretic p dependence of the optical anisotropy reported here for FeSe is qualitatively reminiscent of what we have observed in Ba(Fe 1−x Co x ) 2 As 2 [4, 5] . Nonetheless, there are some distinct features when comparing both materials at equivalent effectively felt uniaxial stress. First of all, the hysteretic behavior of the optical anisotropy in Co-doped BaFe 2 As 2 is clearly established only at frequencies below 2000 cm −1 with R a (ω) > R b (ω) and without any sign change over the whole spectral range. Moreover, the anisotropy at saturation was found to display a broad crossover through the structural transition (Fig. 3) , similar to the T dependence of the dc anisotropy for fully detwinned specimens [2, 4, 5] and directly comparable to the stress-induced orthorhombicity (Fig. 3) [36] . Even though the dc transport anisotropy in FeSe also exhibits a significant stress-induced tail above T s [19] , R sat ratio at 3000 cm −1 displays in contrast a rather sudden drop on approaching T s from low temperatures, whereas R sat ratio at 1000 cm −1 even appears to undergo a sign change on crossing T s . We conclude that, at least at the energy scales addressed here, the anticipated stress-induced lattice distortion (Fig. 3) above T s in FeSe [37] may be less strongly or not obviously bound to the electronic structure as in other iron-based superconductors.
As future outlook, it remains to be seen how the anisotropy of the electronic structure in the nematic phase of FeSe, unfolded here, affects energy scales much closer to the Fermi level and thus more pertinent for the anisotropic dc transport [19] . This is of relevance within the debate on the detailed nature of the ordering in FeSe and as to whether scenarios based on anisotropic Fermi-surface parameters, favored by our present results, or alternatively substantial spin fluctuations, as envisaged by recent neutron scattering experiments [38, 39] , trigger the onset of the nematic phase [40] [41] [42] [43] [44] [45] [46] . Our ongoing analysis of the far-infrared spectra, in the spirit of Ref. [47] and within the framework of Ref. [48] , could serve that purpose.
